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1. Summary 
The purpose of this report is to investigate an economic justification for the next stage of investment required 
to further carbon capture and storage (CCS) as a deployable option. For clarity, this next stage of investment 
is on ‘appraisal’ i.e. site-specific, sub-surface data acquisition, rather than on a full scale CCS deployment.  
The future for the power sector, the future prices of input primary energy sources (gas, coal, renewables), 
the future price of carbon, or the value otherwise put on carbon abatement, are all highly uncertain as are the 
environmental or other permitting requirements for a large-scale CCS project (a major capital project). 
More than a decade ago McKinsey (1998, p.129) noted “… traditional analytical methods such as net 
present value (NPV) and economic profit (EP) have been responsible for systematic underinvestment …” In 
essence, this is because there has been a failure to capture the value of management flexibility in the face of 
volatility or future uncertainty. Building on Leslie and Michaels 1997; Trigeorgis 1996; Dixit & Pindyk 1994, 
they noted that “real options” might be “…especially valuable for projects that involve both a high level of 
uncertainty and opportunities to dispel it as new information becomes available ...”. Where the technical term 
“real option” is used to describe an investment opportunity which, “… for a fixed cost, [would acquire] the  
right  to  realize  future  payoffs  in  return  for  further  fixed  (that  is, independent of the asset value) 
investments, but without imposing any obligation to invest”  (Leslie & Michaels 1997). 
Generally speaking, a real CCS option would therefore include rights but not obligations to develop a CCS 
Hub. However, in the case of UQ-SDAAP, an investment in site-specific data acquisition would not procure 
firm development rights. Therefore, at the current stage of maturity, a full CCS deployment is not yet 
considered a technical “real option” (ibid). While investment in appraisal is probably justifiable (this report), 
at the current time there is insufficient technical confidence and regulatory certainty to declare a major capital 
investment project.  
Further information needs to be “purchased” (acquired) before establishing whether a real option exists.  
Following acquisition/purchase of the additional information required (and progress on regulatory settings), a 
suitable licence holder may then have a meaningful right, but not obligation, to take a large-scale CCS 
investment action. Further discussion on application of real option valuation (ROV) is included in Ampofo & 
Garnett 2019. ROV techniques have not been deemed appropriate for this stage of opportunity evaluation. 
The next immediate phase of investment (outlined in the four UQ-SDAAP ‘Action Themes’ recommended in 
Garnett et al. 2019d) essentially comprises a “funds at risk” decision. That is, there is still a finite probability 
that the next investment results in no possible CCS scheme either through technical failure (e.g. poor 
reservoir or seal quality) or lack of suitable regulatory pathway (Robertson & Garnett 2019) or because of 
community or political opposition (see Garnett et al, 2019d, section 3). 
Classically (e.g. Newendorp 1976), to justify such an investment in information (typically referred to as 
“appraisal” or arguably in this case “exploration” (ibid)), the risked ‘success value’ should exceed the funds 
that need to be put at risk in order to (i) confirm whether or not it is there; and, (ii) to better quantify it.  
For now, an estimate of the required future success values can be considered (effectively back-calculated) in 
two ways: 
1. “What unit costs of carbon would be required in future to justify appraisal today?”; alternatively, 
2. “What ‘as-built’ asset value for a complete, operating CCS plant, would be required to justify appraisal 
today?” 
These alternate views are discussed herein. 
With respect to the first question, only indicative, high level, scoping economics are possible at this stage. 
Considering only the investment after appraisal spend, for a ‘Hub’ deployment with two full retrofits1, a 
                                                     
1 For example, Millmerran & Kogan Creek in a sequential, partial retrofit (Gamma Energy Technology 2019) 
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carbon price/value in the range $602-$80 / tonne might allow the investment “break-even”. The presence of 
technical and non-technical, pre-project, appraisal risk would increase these prices to a range of 
approximately $70-$95/tonne. This increase is very sensitive to the current assessment of technical and non-
technical risk. Nevertheless, a judgement that society would (somehow) value carbon across the 2030 – 
2060 timeframe, in this range, would support the next investment decision i.e. to fully appraise the site and 
undertake all four action themes described in the UQ-SDAAP main report (Garnett et al. 2019d, section 5). 
With respect to the second question, the problem can be framed as a number of staged decisions, with 
conditional success ‘chance factors’ increasing as new information is acquired and with the effect of the 
option for early exits (to cut losses) also included. Based on a simple decision tree approach, if the success 
value of establishing the CCS potential and the first retrofit, the first pipeline and scalable storage 
development is deemed to be of the order of $440 million, then the initial investment in appraisal would be 
justified3. Again, this estimate is very sensitive to subjective, a-priori risk assessments. 
The real value that would be created by CCS deployment is in four main areas: 
1. Material emissions reductions in line with Australia’s international commitment 
2. Creation of low carbon, baseload power generation services 
3. Creation of regional employment 
4. Raising groundwater levels 
The main trade-off associated with full-scale CCS development would be an adverse, but localised, impact 
on groundwater systems at around 2.3 km depth. No person or entity is currently drilling water abstraction 
wells to this depth, which has lead to the wider market appearing to assume that these resources have no 
net value. This does not preclude a future value as technology changes, costs increase, or as resources 
become scarcer. 
With respect to 1 and 2 above, recently conducted work into the justification of putting funds at risk for 
appraisal looks promising. For example, it may be possible to understand the impact that large-scale CCS 
can have towards minimising total system cost (TCS) in a transition scenario (Boston, Bongers, Byrom & 
Garnett 2019). The authors indicate that CCS is required for a lowest TCS pathway to deep decarbonisation 
(>70%) (Figure 1), and that without it, both TCS and incremental costs of abatement are significantly higher. 
In future studies an “opportunity value” of CCS might be derived from this approach. This could be used to 
justify significant appraisal spend in the future. 
                                                     
2 Values are RT $2018, unless otherwise stated. Carbon ‘price’ estimates do not include an estimate of loss of sales due to parasitic 
losses. 
3 The $2018, present value of the 1st retrofit capital build is of the order or $250 million 
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Figure 1: Abatement options for lowest NEM total system cost (modified after Boston et al. 2019).  
 
  
 UQ-SDAAP | Estimates of unit costs and value of investment in appraisal 8 
 
2. Introduction 
UQ-SDAAP engaged Gamma Energy Technology to undertake high level studies of the development and 
deployment of a CCS Hub, including roll out scenarios tailored to the area selected by UQ-SDAAP for its 
high likely suitability for development of a CCS initiative in Queensland. A summary of this is included in the 
main UQ-SDAAP Project Report (Garnett et al. 2019d) as well as in the UQ-SDAAP supplementary detailed 
report: Hub Development: Industrial scale deployment via retrofitting sequencing and pipeline development 
(Gamma Energy Technology 2019).  
These reports discuss several roll-out scenarios involving a partial, sequential retrofit for CCS onto three 
modern, super-critical, coal-fired power station in southern Queensland (Millmerran, Kogan Creek and 
Tarong North). Possible outcomes in terms of capital costs of deployment, rates of CO2 capture and 
emissions reductions, job creation, levelised costs of electricity and so on are discussed. Unit costs per 
tonne of CO2 (appraised and developed) for three simplified roll-out scenarios are outlined, and the value of 
investment in appraisal and how this might be conceptualised is considered. 
In addition, the paper, Net Zero Emissions Electricity. A total system cost approach for Queensland (Boston, 
Bongers, Byrom & Garnett 2019) shows the value of understanding, with confidence, CCS (rate) potential as 
soon as possible. To do this in Queensland requires investment of up to $100 million over the next 3-4 
years4 (although due to the stage-gated approach, early disappointing results could lead to an early halt 
without investing the full appraisal spend, reducing the investment to less than $30 million). 
On considering both decarbonisation of the grid and minimised total system costs, the authors (ibid) 
conclude that: 
• “The need for CCS to enable deep decarbonisation beyond approximately 70% is essential …”  
• “CCS development must commence early to enable adequate deployment … to commence in the 
late 2020s” 
They foresee the need to be able to sequester 30-35 Mtpa.  
The scoping assessment completed by UQ-SDAAP has identified a scheme, which if successfully matured, 
has the potential to sequester around 13 Mtpa per annum for at least 30 years under very conservative 
assumptions. This would be a substantial contribution to both carbon mitigation and minimising costs during 
the world-wide transition to low-emission energy sources. However, justifying the initial investment in a 
conventional sense remains challenging.  
                                                     
4 This is considered a very conservative estimate for reasons highlighted in section 3.2 and Honari et al. 2019d. 
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3. Simple unit costs: methods and assumptions 
This section investigates; what unit costs of carbon would be required in future to justify appraisal investment 
today? 
3.1 Unit technical costs - derivation 
Unit costs of deployment discussed and estimated in this report are unit technical costs (UTCs).These are 
representative of an equivalent, pre-tax, constant real terms, unit price which a hypothetical capture, 
transport and storage “venture” would need to receive in order to break-even. They are therefore indicative 
of a minimum price or value which would need to be put on CO2 in order for the venture to ‘work’. UTCs are 
sometimes discussed as real terms, break-even prices (RTBEPs). 
Break-even for a venture occurs when PV(Revenue) = PV(Costs). This is calculated for a time series as 
follows. 
 
∑
[𝐶𝑎𝑟𝑏𝑜𝑛 𝑃𝑟𝑖𝑐𝑒 𝑅𝑐𝑣𝑑(𝑡) 𝑥 𝑆𝑡𝑜𝑟𝑎𝑔𝑒(𝑡)]
(1+𝑑𝑟)𝑡
𝑁
𝑡=0  =  ∑
[𝐶𝑜𝑠𝑡𝑠(𝑡)]
(1+𝑑𝑟)𝑡
𝑁
𝑡=0  
 
Assigning a constant, real terms carbon price across the life of the venture, RTBEP, this reduces to … 
 
𝑅𝑇𝐵𝐸𝑃. ∑
[𝑆𝑡𝑜𝑟𝑎𝑔𝑒(𝑡)]
(1+𝑑𝑟)𝑡
𝑁
𝑡=0  =  ∑
[𝐶𝑜𝑠𝑡𝑠(𝑡)]
(1+𝑑𝑟)𝑡
𝑁
𝑡=0  
 
This price is by definition the storage Unit Technical Cost … 
 
𝑅𝑇𝐵𝐸𝑃 ≡ 𝑈𝑇𝐶 =  
∑
[𝐶𝑜𝑠𝑡𝑠(𝑡)]
(1+𝑑𝑟)𝑡
𝑁
𝑡=0
∑
[𝑆𝑡𝑜𝑟𝑎𝑔𝑒(𝑡)]
(1+𝑑𝑟)𝑡
𝑁
𝑡=0
=
𝑃𝑉(𝐶𝑜𝑠𝑡𝑠)
𝑃𝑉(𝑆𝑡𝑜𝑟𝑎𝑔𝑒)
 = 
𝑃𝑉(𝐶𝑎𝑝𝑒𝑥+𝑂𝑝𝑒𝑥)
𝑃𝑉(𝑆𝑡𝑜𝑟𝑎𝑔𝑒)
 Eq. 1 
 
Where:  
– N is the project life-time in years; 
– variable(t) represents the flows in a specific project as an annualised time series of that 
variable; 
– dr is the discount rate applied; and, 
– PV is a shorthand representation of the discounting formula, Present Value. 
In this report, the technical costs (UTCs) discussed are for post-appraisal expenditure only. UTCs are 
therefore specifically linked to a specific project deployment scenario. Appraisal costs are “funds at risk” and 
are discussed in section 3.2. 
The meaning of dynamic “storage capacity” is elucidated in more detail in the main UQ-SDAAP project 
report, Garnett et al 2019 (section 4.15). In effect, it is the integral over time of a rate that can be sustained, 
within geological, field development and probably regulatory constraints for a specified duration. It is not 
related to “storage capacity” (e.g. as discussed by Bachu et al. 2007; Bradshaw et al. 2011; Bachu 2008).  
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The technical duration of sustainable, high rate injection, may be longer than the life-time of the CO2 source, 
however, dynamic capacity is restricted for the purposes of a UTC project evaluation, to the duration of 
capture (and/or storage licensing).  
Capital and operating costs of capture and capital costs of pipeline (transport) development have been 
estimated by Gamma Energy Technology 2019, and a time series for investment constructed in line with key 
deployment sequencing assumptions. 
High level estimates of the capital costs of storage have been estimated by Advisian 2019 and by UQ (for 
wells and data acquisition). Note that for the post-appraisal, pre-FID stage, these costs include significant 
expenditure on a large number aquifer baseline monitoring wells and other environmental assessment and 
monitoring and verification measures (up to $60 million in the late 2020s). This is also considered to be very 
conservative. It is discussed in the main UQ-SDAAP Project Report (see Garnett et al. 2019, section 
4.10.10). 
Annualised operating costs for transport and storage have been simplistically factored, and sensitivities 
analysed, as a percentage of total transport and storage capital costs (1.8% and 10% respectively). 
Incremental increases to fixed and variable operating costs for the power plants with CCS have been 
estimated by Gamma Energy Technology based on published information. The assessment does not 
include opportunity costs for the plants such as “loss of sales” due to the reduced power output. It 
has been pointed out by previous authors that a new commercial market position will likely be required for 
CCS-equipped power plants (e.g. Garnett et al. 2012; and Greig, Baird & Zervos 2016). 
For the purpose of this analysis, the following timeline has been adopted: 
• 2024: Project investments commence 
• 2031: First final investment decision (FID)  
• 2034: First injection 
• 2060: Project close 
Unless otherwise stated, the reference real discount rate applied is 9.1% (in line with Gamma Energy 
Technology (2019) central reference cases and cost of capital assumptions). 
3.1.1 Simple Scenarios 
The UTCs of three project scenarios (Gamma Energy Technology 2019) are analysed herein. With reference 
to Figure 2 and Table 1, the deployment scenarios are: 
A. MKTMK – a reference scenario, which sees the partial retrofit (50%) of Millmerran, then Kogan Creek, 
then Tarong North, then sequentially returning to and completing Millmerran and Kogan Creek (but 
leaving Tarong North at 50% converted). For the storage appraisal, this requires a northern and a 
southern pipeline. It requires a single injection well pad in the north which can handle the Kogan Creek 
and Tarong North emissions, and two pads in the south to handle the Millmerran emissions. The 
difference is due to predicted poorer reservoir quality in the south and the need to dissipate pressure 
more effectively (Garnett et al. 2019d) 
B. MKMK – a case which sees the partial retrofit (50%) of Millmerran, then Kogan Creek, then returning to 
complete Millmerran and then Kogan Creek with no development (or spur pipeline) at Tarong North. The 
pipeline and well-pad requirements are as for scenario A, above 
C. MIL only – a case where the Millmerran plant is retrofit in two sequential stages (50% each), with no gap 
in between. This involves a single pipeline, but still two well-pads in the south of the area 
These is further summarised in Table 1: 
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Table 1 Summary of selected deployment scenarios. 
Scenario 
 
Low carbon 
baseload 
after retrofit 
(GWh pa) 
[1] 
Emissions 
intensity 
after retrofit 
(t/MWh) 
[2] 
Nominal 
injection 
period 
[3] 
Plateau 
Rate (Mtpa) 
[4] 
Year plateau 
rate attained 
[5] 
Cumulative 
captured/ 
injected (Mt) to 
2060 
[6] 
Cumulative 
capital 
investment 
(RT$2018, 
mln) 
[7] 
MKTMK 12,790 0.270 2034 - 2060 12.68 2046 256.31 $4,720 
MKMK 9,570 0.130 2034 - 2060 11.49 2043 250.67 $4,060 
MIL only 5,110 0.140 2034 - 2060 6.18 2037 156.06 $2,080 
Notes on Table 1: 
[1] The loss of baseload, dispatchable power capability after full retrofit is approximately 20% 
[2] The emissions reduction is approximately 90% for a full retrofit (Millmerran and Kogan Creek). The emissions 
intensity reduction on these plants is around 87%. The table illustrates the impact on overall emissions intensity of a 
partial retrofit only on Tarong North 
[3] The start date for injection is conservative and not optimised. It assumes a 3-4 year appraisal period commencing 
2020 which results in a firm storage option and then “project” definition. A further 6-8 years is then assumed to 
complete, financing, venture agreements, community engagement, baseline monitoring and extensive, first-of-a-
kind, environmental impact assessments before the final investment decision (FID) on the first partial retrofit. A 
further 2-3 years is then assumed for construction and commissioning of the first capture plant and the associated 
pipeline and storage infrastructure with subsequent FIDs taken in this period. The nominal end date, 2060, is based 
on the current estimate of the technical life of the power plants (range 2053-2057). There remains some storage 
injection potential beyond this date 
[4] The plateau rate is achieved after sequential deployment of the whole set 
[5] The time to plateau attainment is not optimised, no learning has been included for the construction and 
commissioning times of the nth plant 
[6] The relatively small difference in cumulative volume captured between the MKTMK and MKMK scenarios, results 
from the faster completion (longer duration) of the full retrofit on these two largest emitters 
[7] The cumulative capital cost is a high level, scoping estimate and is stated in, undiscounted, real terms 2018 
Australian dollars. It excludes the appraisal costs incurred in the first 3-4 years on establishing whether there is an 
investable option 
3.2 Appraisal costs discussion 
Storage appraisal expenditure is more akin to “finding costs” in the oil and gas sector. They are an “at risk” 
investment and may result in “no project”. They are a different class of expenditure and are associated with 
the investment required to establish a ‘real option’ for the CCS project. Appraisal costs can be related to 
different storage rates and cumulative volumes, not a specific project or hub deployment scenario. They may 
establish more resource potential than is developed in any specific project development scenario. For 
example, in the case of UQ-SDAAP, the maximum, dynamically constrained plateau rate, within the given 
development philosophy can probably be sustained beyond the technical lifetime of the power plants 
discussed.  
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Therefore, the size of the unit appraisal cost denominator, PV(Storage) (Eq. 1), would be different from the 
denominator in the project-specific UTC equation above. Allocation of all the finding or appraisal costs to a 
single field development scenario (or indeed failed appraisal costs) is not technically appropriate. These 
matters have long been documented in the oil and gas sector (e.g. Davis 1965).  
Assuming that appraisal is “successful”, three types of unit finding or appraisal costs are discussed 
hereunder: 
1. Unit resource finding costs (URFC). Unit costs of appraising a certain resource volume e.g. 
calculated as (i) the integral of the modelled plateau rate over time; then, (ii) a declining rate to some 
cut-off; (iii) with given pressure constraints; and, (iv) a feasible development plan; and finally, (vi) 
where the volume injected is undiscounted. This is not additive to UTC 
2. Unit project appraisal costs (UPAC). Unit costs of appraisal for a specific project (which may not 
“use” the entire dynamic capacity appraised), limited by the project lifetime, with discounted injection 
rates. This could be additive to UTC, but the capital spent has appraised more storage than the project 
has ‘used’. It has benefited other future investors 
3. Unit play segment appraisal costs (UPSAC). Unit costs for a specific plateau rate which probably 
uses the majority of the dynamic capacity appraised and is not limited by the project lifetime, with 
discounted injection rates. This could also be additive to UTC and assumes that, at some future point, 
additional sources of CO2 are found to “use up” all of the storage resource 
Table 2  Indicative unit appraisal costs for storage resources. 
Costs -> 
Scenario 
Undiscounted 
resource volume  
(at ~13 Mtpa) 
Unit resource finding 
cost - URFC 
(based on 636 Mt) 
Unit project appraisal 
costs 
UPAC (to 2060) 
[1] 
Unit play segment 
appraisal costs 
UPSAC (to ~620 Mt) 
MKTMK Low: 590 Mt 
Med: 636 Mt 
High: un-evaluated 
(e.g. tertiary 
storage methods 
such as in-fill 
drilling or pressure 
relief) 
$0.12 / tonne 
$4.00 / tonne $3.40 / tonne 
MKMK $3.90 / tonne $3.40 / tonne 
MIL only 
$5.40 / tonne $4.80 / tonne 
Notes 
[1] Unit project appraisal costs are associated with different cumulative injection volumes and plateau rates. These 
scenarios do not develop the ‘low’ case resource ‘volume’ as they are plant-life limited and specific to a 
deployment scenario 
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Figure 2 Notional pipeline routes: illustration from a “base case” analysis (note use of existing pipeline 
easements in the south near Moonie). 
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3.3 Unit technical costs calculations 
Figure 3 shows a typical cash-flow, CO2 reduction/injection and power output scenario (MKTMK), illustrating 
the main investment timing as well as optionality for incremental investments for each subsequent retrofit. It 
assumes that appraisal and pre-FID costs are common to all scenarios. 
Figure 3 Illustrative scenario (MKTMK) time series for investment, CO2 reduction and power generation 
 
Cashflow sequences and sensitivity analyses are included in Appendix A. It should be noted that all costs 
included in Appendix A for the appraisal phase are very conservative (i.e. high-side estimates). 
Experience with government-funded programs in the exploration and appraisal domain (e.g. Garnett et al. 
2012) indicates that the management of high-risk, high-uncertainty ventures requires significant funds at 
hand for a company or entity to manage risks and uncertainties. Typical government grant funding programs 
are poorly suited for this type of investment. In the private sector, only equity funds are used for exploration 
and appraisal. Therefore, funds well above P50 (base case) estimates are required. The cost estimates in 
Appendix A, assumes relatively poor reservoir quality and therefore long periods of well testing. It also 
includes significant operational contingency (to cover drilling and testing phases) and owner’s costs. It 
includes all three sites and implementation of all the new proposed seismic. It also allows for early 
commencement of prefeasibility and feasibility studies on capture and pipelines. The cost estimates cover all 
four UQ-SDAAP ‘Action Themes’ (Garnett et al. 2019d, section 5). 
Based on these conservative estimates, ranges of unit costs are summarised in Table 3 and Figure 4.  
Ranges of UTC cover the following sensitivities: 
• 80% to 120% of the estimated storage appraisal costs 
• 50% to 200% of the estimated (factored) storage and transport operating costs 
• 80% to 120% of the storage capital development costs 
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Note that a constant, real discount rate of 9.1% was used for the sensitivity analysis. A range in discount rate 
from 6% to 12% creates approximately a +/-5% difference in the full scenario UTC (roughly $3.00 / tonne). 
Table 3 Summary of high level unit technical costs (UTCs) of scenario. 
Unit costs 
(RTBEPs) in 
discounted RT 
$2019 / tonne 
UPAC - Unit project 
appraisal cost (to 
2060) 
$/t 
Project specific 
UTC storage 
$/t 
Project specific 
UTC transport 
$/t 
Project specific 
Mid value of UTC 
capture only 
$/t 
Project specific 
Mid value of total 
scenario UTC 
(excl. UPAC) 
$/t 
MKTMK $3.20 - $4.80 $6.40 - $10.40 $5.60 - $6.70  $50.40 $64.40 
MKMK $3.20 - $3.90 $7.00 - $10.60 $4.10 - $4.90 $46.70 $59.30 
MIL only $4.30 - $6.40 $7.30 - $11.60 $3.70 - $4.50 $39.60 $52.70 
 
Figure 4  Illustration: unit technical cost (UTC) of carbon abatement for MKTMK scenario (excludes 
UPAC). 
 
 
Recapping, the UTCs above are equivalent to a break-even, constant, real terms payment that an “operator” 
would need to receive across the project in order to cover the technical cost of development. Noting again 
that this excludes both the costs of appraisal and the loss of sales to the power generator. 
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Roughly speaking, if there were confidence that CO2 would “cost” or be valued by society, the 
market and/or generators, over $65/tonne in the 2030-2060 timeframe, as a result of an assessment of 
the value of low carbon baseload power, then the development would break-even5. 
However, this evaluation does not account for the “funds at risk” or appraisal funds required to establish the 
option of a large-scale hub. 
3.4 Evaluating the impact of “at risk” appraisal costs 
Classically, the investment of exploration (or appraisal) “funds at risk” (EFR) is justified if it has a positive 
expected monetary value: 
𝐸𝑀𝑉 = 𝑃𝑠 𝑥 𝑁𝑃𝑉𝑠 − 𝐸𝐹𝑅    Eq. 2 
Where: 
EMV  is the expected monetary value 
NPVs is the success case, net present value of the development if the resource is economic 
Ps is the probability of (‘commercial’) success 
EFR  is the exploration funds at risk, or the funds, that may be lost, in order to establish whether 
there is a commercial development option 
If the risked value is greater than the costs of establishing the option, then investment may be justified it is 
“risk-covered”.  
The challenge with this classical resource economic approach for CCS is that there is no foreseeable, NPVs, 
or success-case value added (only extra cost and loss of sales), unless there is a: 
• Real or implicit (high enough) price on carbon, say over $65/tonne6 
• Mechanism for valuing low carbon baseload; and related to this 
• Clear mechanism for a CCS retrofit plant to operate in the current NEM market structure 
In the absence of a CCS-specific commercial model which essentially puts a ‘handling fee’, carbon price or 
tariff earned for the carbon captured, transported and stored, there is no prospect of a positive net present 
value of an incremental investment in CCS at this time.  
This does not imply that “value” is not created through the establishment of a CCS option. There is 
local employment, the attainment of carbon reduction goals, increases in water levels in a wide area and 
important low carbon, grid stability (baseload) services.  
                                                     
5 At a real WACC of 9.1% and not including a risk adjustment to cover appraisal funds “at risk” 
6 Constant across the project, real terms $2018 
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3.4.1 Risked Unit Costs 
An alternative way of considering the risk-coverage equation (Eq. 2) is as follows: 
𝐸𝑀𝑉
𝑃𝑉(𝑖𝑛𝑗𝑒𝑐𝑡𝑖𝑜𝑛)
= 𝑃𝑠 𝑥 
𝑁𝑃𝑉𝑠
𝑃𝑉(𝑖𝑛𝑗𝑒𝑐𝑡𝑖𝑜𝑛)
−
𝐸𝐹𝑅
𝑃𝑉(𝑖𝑛𝑗𝑒𝑐𝑡𝑖𝑜𝑛)
   Eq. 3 
 
Where: 
– PV is a shorthand form for the discounted cash-flow operator (as in Eq. 1)  
– PV(injection) is the sum of the discounted capture and injection rate for the project scenario 
We can also write: 
𝑁𝑃𝑉𝑠
𝑃𝑉(𝑖𝑛𝑗𝑒𝑐𝑡𝑖𝑜𝑛)
=  
[𝑃𝑉(𝑟𝑒𝑣𝑒𝑛𝑢𝑒) − 𝑃𝑉(𝑐𝑜𝑠𝑡𝑠)]
𝑃𝑉(𝑖𝑛𝑗𝑒𝑐𝑡𝑖𝑜𝑛) 
 
Or:-     
𝑁𝑃𝑉𝑠
𝑃𝑉(𝑖𝑛𝑗𝑒𝑐𝑡𝑖𝑜𝑛)
=  
𝑃𝑉(𝑟𝑒𝑣𝑒𝑛𝑢𝑒)
𝑃𝑉(𝑖𝑛𝑗𝑒𝑐𝑡𝑖𝑜𝑛) 
−  
𝑃𝑉(𝑐𝑜𝑠𝑡𝑠)
𝑃𝑉(𝑖𝑛𝑗𝑒𝑐𝑡𝑖𝑜𝑛) 
     Eq. 4 
 
By consideration of Eq. 1, this can be written as: 
 
𝑁𝑃𝑉𝑠
𝑃𝑉(𝑖𝑛𝑗𝑒𝑐𝑡𝑖𝑜𝑛)
= [𝑅𝑇𝑈𝑃𝐸 −  𝑈𝑇𝐶]       Eq. 5 
Where: 
– RTUPE is a real terms constant price (equivalent) earned for each tonne injected/stored  
 
Given equation 5 (Eq. 5), for unit NPVs to be positive, RTUPE must be greater than the UTC.  
Also, by definition (see section on appraisal costs above), ref equation 3 (EQ. 3):- 
 
 
𝐸𝐹𝑅
𝑃𝑉(𝑖𝑛𝑗𝑒𝑐𝑡𝑖𝑜𝑛)
≡ 𝑈𝑃𝐴𝐶 = 𝑢𝑛𝑖𝑡 𝑝𝑟𝑜𝑗𝑒𝑐𝑡 𝑐𝑜𝑠𝑡 𝑜𝑓 𝑎𝑝𝑝𝑟𝑎𝑖𝑠𝑎𝑙  Eq. 6 
 
Substituting in Eq. 3 
 
𝐸𝑀𝑉
𝑃𝑉(𝑖𝑛𝑗𝑒𝑐𝑡𝑖𝑜𝑛)
=  𝑃𝑠 𝑥 (𝑅𝑇𝑈𝑃𝐸 − 𝑈𝑇𝐶) − 𝑈𝑃𝐴𝐶    Eq. 7 
 
For this to be positive (risk covered): 
 
𝑃𝑠 𝑥 (𝑅𝑇𝑈𝑃𝐸 − 𝑈𝑇𝐶) >  𝑈𝑃𝐴𝐶       Eq. 8 
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Or: 
𝑅𝑇𝑈𝑃𝐸 >
𝑈𝑃𝐴𝐶
𝑃𝑠
+ 𝑈𝑇𝐶         Eq. 9 
 
Equation 9, gives an estimate of a constant, real terms, carbon price which would be required both to justify 
the appraisal investment as well as cause for a CCS development subsequently to break-even. 
The impact of consideration of funds at risk, is to increase the necessary carbon value or “carbon 
price” assumption which would be required classically to justify the venture i.e. above the un-risked 
scenario break-even price or UTC (ref: sections 3.1, 3.3 and Table 3). 
With reference to the MKTMK reference scenario in Table 3, and mid-case unit project appraisal costs (to 
2060): 
✓ UTC  = $64.40 / tonne 
✓ UPAC = $4.00 / tonne 
Considering technical risks only; UQ-SDAAP suggest a current probability of success (Ps) of the order of 
65%, with uncertainties manly related to lack of site specific data (Garnett et al. 2019d, section 4.15, 
Calibrated dynamic capacities and uncertainties). 
Using equation 9 above, this chance factor raises the required value of carbon by over $6/t i.e. to: 
✓ RTUPE = $70.60 / tonne 
If we also consider nominal, subjective non-technical risks, we might derive a non-technical probability of 
success to be around 50%, as follows: 
✓ Chance of success with regulatory changes = 80% 
✓ Chance of community acceptance = 80% 
✓ Chance of establishing suitable commercial conditions = 80% 
Then the overall chance of success would be around 33% (technical + non-technical). Therefore: 
✓ RTUPE = $76.50 / tonne 
The forward view or assumption on the unit value or price of CO2 that is required to justify the whole 
venture (including appraisal spend) is highly risk-dependent.  
This is summarised in Figure 5, below. 
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Figure 5 Sensitivity of carbon value or price required vs. overall perceived project risk (for MKTMK 
scenario). 
 
The decision to invest in appraisal is very sensitive to perceived technical AND non-technical risks; 
high risk perceptions have to be supported by higher “carbon price” outlooks. 
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4. An alternative discussion on value of appraisal and 
appraisal decisions 
This section explores the question, “what ‘as-built’ asset value for a complete, operating CCS plant, would be 
required to justify appraisal today?” 
As an alternative to forecasting values placed on future carbon (e.g. through a UTC analysis), it is possible to 
explore what value might be added to an existing power plant via the addition of CCS retrofit. 
The “venture” can then be represented in a decision tree form as show in Figure 6, considering a two stage 
appraisal program in which early disappointing results (e.g. a very low permeability reservoir, or no progress 
on a regulatory roadmap) could lead to an early halt without investing the full appraisal spend. 
Figure 6 Decision tree from appraisal to first FID and retrofit. 
 
 
This decision tree structure can be interrogated to inform the question: 
– What present value of the first retrofit asset when built and operating (‘Success Value’, above) would 
support the decision to appraise? 
4.1 Decision tree analysis 
With reference to Figure 6, the present value7 of the full appraisal costs is around $76 million). This can be 
considered as a stage 1 spend of $27 million and, contingent on success a stage 2 spend of $49 million. 
There are three routes to a successful development and eight routes which result in a halted project, with 
different “failure costs” incurred. The decision at hand is whether to invest in the first stage appraisal. 
The full appraisal success route:  
If we consider technical risks only at this time, then Ps for stage 1 appraisal is estimated to be 65% (or 
better), and so Pf would be 35%. If the appraisal is not successful, then the campaign could be halted having 
invested only $27 million. 
                                                     
7 PV is $2018 assuming a real discount rate of 9.1% 
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If the first stage appraisal were successful, this would effectively have removed the risk of poor quality 
reservoir and the conditional probability of success of a second appraisal would be improved. For the 
purposes of this analysis, we assume Ps would be 77%. This de-risking, would encourage a second stage of 
further appraisal investment. 
Similarly, after a successful second stage appraisal, which would cost ~$49 million, Ps might then be 90% or 
higher. All else being equal, this would encourage a development decision. 
The cost of the development decision at FID is only for the first retrofit. It is not necessary to commit to the 
whole Hub development, though additional engineering would be required pre-FID to enable the Hub and a 
decision on pipeline over-sizing which will be required for the first retrofit. These are included in the present 
value capital costs of the first retrofit in this analysis. A successful build and commissioning (highly likely by 
this stage) would then result in a new asset with a certain value – the Success Value. 
Develop the first plant after stage 1 appraisal:  
This is a lower cost but higher risk alternative to the pathway above. However, the appraisal plan discussed 
in the main UQ-SDAAP Project Report (Garnett et al. 2019d) allows for this. 
Develop the first plant with no appraisal:  
This is the lowest cost, highest risk option. Notwithstanding the technical risk, the other required pre-project 
and pre-FID actions highlighted by UQ-SDAAP would still require some time and investment. 
Comment on other risks and probabilities 
As discussed in section 3.4, technical risk factors are not the only risks to consider. Other venture risks 
would compound and these must be reduced within the first 3-4 years (this is included in the cost 
assumptions). Since combined a-priori risks are somewhat subjective, the sensitivity of the required Success 
Value (Figure 6) to a-priori risk or probability of success can be evaluated. 
Comment on “Success Value” 
Absent a commercial model and a way to define the value of a retrofit Hub development scheme. is difficult 
to quantify and agree upon the Success Value. The main value propositions are: 
1. The creation of substantial, low carbon emission, baseload power 
2. The material contribution to national carbon abatement goal (COP21 and beyond) 
3. The creation and retention of significant numbers of regional jobs 
4. The potential enabling of other high emissions industries (such as hydrogen or cement) 
5. The recharging of a major regional groundwater aquifer (at a localised cost of deep zones which 
cannot be used for abstraction) 
However, while these propositions are supportable and sound, they are diffuse and difficult to reduce to a 
single Success Value. 
An alternative thought process can be applied. We can initially assume that the Success Value is equal to 
the capital cost of construction. We can then vary (increase) this hypothetical value to discover at what stage 
the value of appraisal is higher than the value of no appraisal. We can do this for differing a-priori risk 
assumptions. 
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4.1.1 Decision tree indicative results 
A copy of the full working decision tree is shown in Appendix B. The following initial input parameters have 
been used (Table 4).  
Table 4  Example of appraisal decision tree inputs (Pf is the probability of a ‘failure case’ outcome). 
Parameter (ref Fig 6) Value / Variable Comment 
A-priori, initial Ps (65%) 65% Main sensitivity variable 
A-priori, initial Pf (1-Ps) 35% Calculated from Ps 
Prob. of success post appraisal stage 1 (Ps ’ ) 77% Estimated conditional prob. 
Prob. of failure post appraisal stage 1 (Pf ’ = 1- 
Ps ’ ) 
24% Calculated from Ps ‘ 
Prob. of success post appraisal stage 2 (Ps ’’ ) 90% Estimated conditional prob. 
Prob. of failure post appraisal stage 2 (Pf ‘’ = 1- 
Ps’’ ) 
10% Calculated from Ps ‘’ 
PV total cost of appraisal (both stages) $76 million Input programme cost 
PV appraisal stage 1 cost $27 million Input stage 1 cost 
PV appraisal stage 2 cost $49 million Calculated 
PV development cost (1st retrofit only) $250 million Input development cost 
PV Success Value of built asset $250 million Main sensitivity variable 
PV full failure loss on built asset (= build cost) -$250 million Calculated 
 
The Success Value and risk assumptions included in Table 4 result in a “do not appraise” decision (Appendix 
B).  
A hypothetical or assumed Success Value of $440 million (PV, $2018 at Ps=65%) is required to justify the 
first appraisal decision.  
The required Success Value for appositive appraisal decision varies with a-priori risk assessment as shown 
in Figure 7, below. 
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Figure 7 Impact of appraisal risk on required CCS retrofit “Success Value”. 
 
5. Conclusions 
This report highlights that there is no simple, conventional economic justification to invest in the required next 
stage of site appraisal (and the other three UQ-SDAAP action themes). However, there is significant value 
identified if not quantified (emissions obligations, low carbon baseload grid services, regional jobs and raised 
groundwater levels). 
Appraisal could most easily be justified, either:  
1. If it assumed that CO2 will have an effective value or price of the order of $808 / tonne (section 0) across 
the 2030-2060 time frame; and/or 
2. If it is assumed that the value added by building and operating the first CCS retrofit asset would be of the 
order of $440 million (present value, $2018) 
Given lack of carbon pricing policy in Australia at the present time, the basis for judgement of future value is 
challenging. 
For comparative purposes, the European Investment Bank (EIB), has suggested previously that they carry 
three forecasts for their “shadow prices” of CO2 on which they base their investment decisions. The meaning 
and critiques of these price scenarios have been discussed by several parties (e.g. see Carbon Pulse 2015).  
The simple mean of the 2015, EIB ‘Central’ price scenario between 2030 and 2050 translates9 to around 
A$150/tonne, with a simple mean ‘low’ price scenario around A$65/tonne.  
                                                     
8 Constant RT $2018 
9 EIB scenarios given in year 2015 Euros: translation assumes EU inflation at 3% and an exchange rate of A$1.58 to Eu1.00. 
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7. Appendicies 
7.1 Appendix A – Input to UTC analyses 
Refer to Gamma Energy Technology 2019 for more detailed capture capex, emissions and jobs assessment. Data extends to 2060 with little or no variation. 
Table 5 Input for MKTMK scenario unit cost analyses (capex, decisions, simple opex, power gen, CO2 capture, CO2 released, emissions intensity, jobs) 
 
2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047
Year 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28
Totals & Factors
Annual Capex $M RT ($2018) - undisc 32$             51$            15$            13$            5$              10$            18$            22$            22$            23$            11$            250$          423$          388$          443$          397$          358$          272$          186$          194$          310$          309$          285$          265$          261$          261$          -$           -$           
Capture -$           -$           -$           -$           -$               3$                   6$                   -$               -$               3$                   6$                   166$              333$              333$              319$              316$              317$              232$              147$              150$              216$              278$              281$              265$              261$              261$              -$               -$               
Transport -$                2$                   4$                   2$                   -$               3$                   6$                   -$               -$               -$               -$               3$                   58$                 55$                 48$                 47$                 41$                 40$                 39$                 42$                 20$                 -$               3$                   -$               -$               -$               -$               -$               
Storage (see below) 32$             48$            9$              9$              3.6$           4$              4$              20$            20$            20$            4$              79$            32$            -$           75$            32$            -$           -$           -$           -$           75$            32$            -$           -$           -$               -$               -$               -$               
Legal / EIS / All of Project 1$                    1$                   2$                   1$                   2$                   0$                   3$                   2$                   2$                   -$               1$                   2$                   1$                   -$               1$                   2$                   -$               -$               -$               2$                   -$               -$               2$                   -$               -$               -$               -$               -$               
Cumulative capital $ million (RT $2018) - Capt & Trans & Stored 32$             83$            98$            111$          5.1$           15$            34$            56$            78$            102$          113$          363$          786$          1,174$       1,616$       2,014$       2,372$       2,644$       2,830$       3,024$       3,334$       3,644$       3,929$       4,193$       4,455$       4,716$       4,716$       4,716$       
Capital Investment Decisions
Poor geology case 50$             
Appraisal success case (all sites) 61$             
Post-appriasl to FID 113$          
FID (ML-1) 1,061$       ML-1
FID (KC-1) 1,198$       KC-1
FID (TN-1) 652$          TN
FID (ML-2) 905$          ML-2
FID (KC-2) 787$          KC-2
Operating costs RT ($2018)
Base plant fxd+var opex $/MWh $8.00
Post retofit fxd+var opex $/MWh $20.00
Incremetal Capture opex $/MWh - full $12.00
Incremetal Capture opex $/MWh - 50% (partial) $6.00
Incremental opex by plant
Kogan fxd+var opex (incmnt) $15.63 $31.26 $31.26 $31.26 $31.26 $31.26 $31.26 $15.63 $13.38 $53.52 $53.52
Tarong Nth fxd+var opex (incmnt) $9.66 $19.32 $19.32 $19.32 $19.32 $19.32 $19.32 $19.32
Millmerran fxd+var opex (incmnt) $18.18 $36.36 $36.36 $36.36 $36.36 $36.36 $36.36 $36.36 $18.18 $36.36 $61.32 $61.32 $61.32 $61.32
Combined incremental capture opex $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $18.18 $36.36 $36.36 $51.99 $67.62 $67.62 $77.28 $86.94 $68.76 $86.94 $96.27 $94.02 $134.16 $134.16
Storage and Transport Opex factors
Transport (~1.8% of totdal capex) 1.80%
Storage (~10% of totdal capex) 10%
Power (GWh) Out - undisc
Kogan Power 5,870              5,870             5,870             5,870             5,870             5,870             5,870             5,870             5,870             5,870             5,870             5,870             5,870             5,870             5,870             5,870             2,935             2,605             5,210             5,210             5,210             5,210             5,210             5,210             2,605             2,230             4,460             4,460             
Tarong Nth Power 3,550              3,550             3,550             3,550             3,550             3,550             3,550             3,550             3,550             3,550             3,550             3,550             3,550             3,550             3,550             3,550             3,550             3,550             3,550             1,775             1,610             3,220             3,220             3,220             3,220             3,220             3,220             3,220             
Millmerran Power 6,720              6,720             6,720             6,720             6,720             6,720             6,720             6,720             6,720             6,720             6,720             6,720             6,720             3,360             3,030             6,060             6,060             6,060             6,060             6,060             6,060             6,060             3,030             3,030             5,110             5,110             5,110             5,110             
Low C Baseload Power GWh to NEM 79% 16,140            16,140           16,140           16,140           16,140           16,140           16,140           16,140           16,140           16,140           16,140           16,140           16,140           12,780           12,450           15,480           12,545           12,215           14,820           13,045           12,880           14,490           11,460           11,460           10,935           10,560           12,790           12,790           
CO2 Captured / Stored (Mta) - undisc Tonnes to 2060
Kogan Captured 99.66                        -                  -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 2.50           2.50               2.50               2.50               2.50               2.50               2.50               1.25               1.25               5.31          5.31          
Tarong Nth Captured 24.99                        -                  -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 1.19           1.19               1.19               1.19               1.19               1.19               1.19               1.19               
Millmerran Captured 131.66                      -                  -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 2.54           2.54               2.54               2.54               2.54               2.54               2.54               1.27               1.27               6.18               6.18               6.18               6.18               6.18               
Total captured / stored (Mt pa) to 2060 256.31                      -                  -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 2.54               2.54               2.54               5.04               5.04               5.04               6.23               4.96               4.96               9.88               8.62               8.62               12.68             12.68             
Total captured / stored (Mt pa) to 2090 636.85                     
Cumulative CO2 captured / stored (Mt) -                  -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 2.54               5.08               7.63               12.67             17.71             22.75             28.99             33.95             38.91             48.78             57.41             66.03             78.72             91.40             
CO2 Released (Mta) - undisc
Kogan Released 136.35                      5.90 5.90 5.90 5.90 5.90 5.90 5.90 5.90 5.90 5.90 5.90 5.90 5.90 5.90 5.90 5.90 5.90 1.70 3.40 3.40 3.40 3.40 3.40 3.40 3.40 1.70 0.59 0.59
Tarong Nth Released 114.31                      3.41 3.41 3.41 3.41 3.41 3.41 3.41 3.41 3.41 3.41 3.41 3.41 3.41 3.41 3.41 3.41 3.41 3.41 3.41 3.41 1.71 2.22 2.22 2.22 2.22 2.22 2.22 2.22
Millmerran Released 146.00                      6.87 6.87 6.87 6.87 6.87 6.87 6.87 6.87 6.87 6.87 6.87 6.87 6.87 6.87 3.44 2.17 4.33 4.33 4.33 4.33 4.33 4.33 4.33 2.17 0.69 0.69 0.69 0.69
Total released (Mt pa) 396.66                      16.18 16.18 16.18 16.18 16.18 16.18 16.18 16.18 16.18 16.18 16.18 16.18 16.18 16.18 12.75 11.48 13.64 9.44 11.14 11.14 9.44 9.95 9.95 7.79 6.31 4.61 3.50 3.50
Cumulative released (Mt) 16.18 32.36 48.54 64.72 80.90 97.08 113.26 129.44 145.62 161.80 177.98 194.16 210.34 226.52 239.27 250.75 264.39 273.83 284.97 296.11 305.55 315.50 325.45 333.24 339.55 344.16 347.66 351.16
10%
Emissions Intensity (t/MWh/yr)
Kogan 1.01 1.01 1.01 1.01 1.01 1.01 1.01 1.01 1.01 1.01 1.01 1.01 1.01 1.01 1.01 1.01 2.01 0.65 0.65 0.65 0.65 0.65 0.65 0.65 1.31 0.76 0.13 0.13
Tarong Nth 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 1.92 1.06 0.69 0.69 0.69 0.69 0.69 0.69 0.69
Millmerran 1.02 1.02 1.02 1.02 1.02 1.02 1.02 1.02 1.02 1.02 1.02 1.02 1.02 2.04 1.14 0.36 0.71 0.71 0.71 0.71 0.71 0.71 1.43 0.72 0.14 0.14 0.14 0.14
Weighted average t/MWh/yr 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.27 1.02 0.74 1.09 0.77 0.75 0.85 0.73 0.69 0.87 0.68 0.58 0.44 0.27 0.27
0.13161435
Employment impacts
Jobs (new construction to CCS ops) 12 24 39 21 4 22 51 8 10 13 23 57 266 254 91 278 249 96 228 260 78 200 227 63 200 200 30 26
ML-2 KC-2
Pre for FID on ML-1 -->
4 Action Themes (incl. E&A) Preparation for FID (PFS, FEED, DED, EIS, Comm. Eng, Financing) ML-1 KC-1 TN-1
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Table 6 Input for MKTMK scenario unit cost analysis (appraisal costs, storage development capex and M&V). 
 
Table 7 Input for MKTMK scenario unit cost analyses (storage summaries and factored transport opex). 
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Table 8 Input for MKTMK scenario unit cost analyses (simple UTC derivation). 
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Table 9 Input for MKMK scenario unit cost analyses (investment timing modified from MKTMK). 
  
  
2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047
Year 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28
Totals & Factors
Annual Capex $M RT ($2018) - undisc 32$             51$            15$            13$            5$              10$            18$            22$            22$            23$            11$            250$          423$          388$          443$          397$          358$          310$          309$          285$          265$          261$          261$          -$               -$               -$               -$           -$           
Capture -$           -$           -$           -$           -$               3$                   6$                   -$               -$               3$                   6$                   166$              333$              333$              319$              316$              317$              216$              278$              281$              265$              261$              261$              -$               -$               -$               -$               -$               
Transport -$                2$                   4$                   2$                   -$               3$                   6$                   -$               -$               -$               -$               3$                   58$                 55$                 48$                 47$                 41$                 -$               -$               -$               -$               -$               -$               -$               -$               -$               -$               -$               
Storage (see below) 32$             48$            9$              9$              4$              4$              4$              20$            20$            20$            4$              79$            32$            -$           75$            32$            -$           75$            32$            -$           -$           -$               -$               -$               -$               -$               -$               -$               
Legal / EIS / All of Project 1$                    1$                   2$                   1$                   2$                   0$                   3$                   2$                   2$                   -$               1$                   2$                   1$                   -$               1$                   2$                   -$               -$               -$               2$                   -$               -$               -$               -$               -$               -$               -$               -$               
Cumulative capital (Capt & Trans & Stor) 32$             83$            98$            111$          5$              15$            34$            56$            78$            102$          113$          363$          786$          1,174$       1,616$       2,014$       2,372$       2,682$       2,991$       3,276$       3,541$       3,802$       4,064$       4,064$       4,064$       4,064$       4,064$       4,064$       
Capital Investment Decisions
Poor geology case 50$             
Appraisal success case (all sites) 61$             
Post-appriasl to FID 113$          
FID (ML-1) 1,061$       ML-1
FID (KC-1) 1,198$       KC-1
FID (TN-1) 905$          ML-2
FID (ML-2) 787$          KC-2
FID (KC-2)
Operating costs RT ($2018)
Base plant fxd+var opex $/MWh $8.00
Post retofit fxd+var opex $/MWh $20.00
Incremetal Capture opex $/MWh - full $12.00
Incremetal Capture opex $/MWh - 50% (partial) $6.00
Incremental opex by plant
Kogan fxd+var opex (incmnt) $15.63 $31.26 $31.26 $31.26 $15.63 $13.38 $53.52 $53.52 $53.52 $53.52 $53.52
Tarong Nth fxd+var opex (incmnt) -$           -$           -$           -$           -$           -$           -$           -$           -$           -$           -$           
Millmerran fxd+var opex (incmnt) $18.18 $36.36 $36.36 $36.36 $18.18 $18.18 $61.32 $61.32 $61.32 $61.32 $61.32 $61.32 $61.32 $61.32
Combined incremental capture opex $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $18.18 $36.36 $36.36 $51.99 $49.44 $49.44 $92.58 $76.95 $74.70 $114.84 $114.84 $114.84 $114.84 $114.84
Storage and Transport Opex factors
Transport (~1.8% of totdal capex) 1.80%
Storage (~10% of totdal capex) 10%
Power (GWh) Out - undisc
Kogan Power 5,870              5,870             5,870             5,870             5,870             5,870             5,870             5,870             5,870             5,870             5,870             5,870             5,870             5,870             5,870             5,870             2,935             2,605             5,210             5,210             5,210             2,605             2,230             4,460             4,460             4,460             4,460             4,460             
Tarong Nth Power -                  -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 
Millmerran Power 6,720              6,720             6,720             6,720             6,720             6,720             6,720             6,720             6,720             6,720             6,720             6,720             6,720             3,360             3,030             6,060             6,060             6,060             3,030             3,030             5,110             5,110             5,110             5,110             5,110             5,110             5,110             5,110             
Baseload Power GWh to NEM 12,590            12,590           12,590           12,590           12,590           12,590           12,590           12,590           12,590           12,590           12,590           12,590           12,590           9,230             8,900             11,930           8,995             8,665             8,240             8,240             10,320           7,715             7,340             9,570             9,570             9,570             9,570             9,570             
CO2 Captured / Stored (Mta) - undisc Tonnes to 2060
Kogan Captured 108.08                      -                  -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 2.50           2.50               2.50               2.50               1.25               1.25               5.31          5.31          5.31          5.31          5.31          
Tarong Nth Captured -                            -                  -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 
Millmerran Captured 142.59                      -                  -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 2.54           2.54               2.54               2.54               1.27               1.27               6.18               6.18               6.18               6.18               6.18               6.18               6.18               6.18               
Total captured / stored (Mt pa) to 2060 250.67                      -                  -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 2.54               2.54               2.54               5.04               3.77               3.77               8.69               7.43               7.43               11.49             11.49             11.49             11.49             11.49             
Total captured / stored (Mt pa) to 2090 595.52                     
Cumulative captured / stored (Mt) -                  -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 2.54               5.08               7.63               12.67             16.44             20.21             28.90             36.33             43.77             55.26             66.76             78.25             89.75             101.24           
CO2 Released (Mta) - undisc
Kogan Released 125.11                      5.90 5.90 5.90 5.90 5.90 5.90 5.90 5.90 5.90 5.90 5.90 5.90 5.90 5.90 5.90 5.90 5.90 1.70 3.40 3.40 3.40 1.70 0.59 0.59 0.59 0.59 0.59 0.59
Tarong Nth Released -                            -                  -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 
Millmerran Released 124.16                      6.87 6.87 6.87 6.87 6.87 6.87 6.87 6.87 6.87 6.87 6.87 6.87 6.87 6.87 3.44 2.17 4.33 2.17 0.69 0.69 0.69 0.69 0.69 0.69 0.69 0.69 0.69 0.69
Total released (Mt pa) 249.27                      12.77 12.77 12.77 12.77 12.77 12.77 12.77 12.77 12.77 12.77 12.77 12.77 12.77 12.77 9.34 8.07 10.23 3.87 4.09 4.09 4.09 2.39 1.28 1.28 1.28 1.28 1.28 1.28
Cumulative released (Mt) 12.77 25.54 38.31 51.08 63.85 76.62 89.39 102.16 114.93 127.70 140.47 153.24 166.01 178.78 188.12 196.19 206.42 210.29 214.38 218.47 222.56 224.95 226.23 227.51 228.79 230.07 231.35 232.63
Emissions Intensity (t/MWh/yr)
Kogan 1.01 1.01 1.01 1.01 1.01 1.01 1.01 1.01 1.01 1.01 1.01 1.01 1.01 1.01 1.01 1.01 2.01 0.65 0.65 0.65 0.65 0.65 0.26 0.13 0.13 0.13 0.13 0.13
Tarong Nth -                  -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 
Millmerran 1.02 1.02 1.02 1.02 1.02 1.02 1.02 1.02 1.02 1.02 1.02 1.02 1.02 2.04 1.14 0.36 0.71 0.36 0.23 0.23 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14
Weighted average t/MWh/yr 1.01 1.01 1.01 1.01 1.01 1.01 1.01 1.01 1.01 1.01 1.01 1.01 1.01 1.38 1.05 0.68 1.14 0.45 0.50 0.50 0.40 0.31 0.17 0.13 0.13 0.13 0.13 0.13
Pre for FID on ML-1 -->
4 Action Themes (incl. E&A) Preparation for FID (PFS, FEED, DED, EIS, Comm. Eng, Financing) ML-1 KC-1 ML-2 KC-2
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Table 10 Input for MKMK scenario unit cost analysis (all three sites still appraised, timing modified, no reduction in pad & well costs). 
 
 
Table 11 Input for MKMK scenario unit cost analyses (storage summaries and factored transport opex – note simple factor is not volume weighted). 
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Table 12 Input for MKMK scenario unit cost analyses (simple UTC derivation). 
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Table 13 Input for MIL only scenario unit cost analyses (investment timing modified – but full 3 site appraisal assumed). 
 
  
2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046
Year 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27
Totals & Factors
Annual Capex $M RT ($2018) - undisc 32$             51$            15$            13$            5$              10$            18$            22$            22$            23$            11$            250$          423$          388$          310$          309$          285$          -$               -$               -$               -$               -$               -$               -$               -$               -$               -$           
Capture -$           -$           -$           -$           -$               3$                   6$                   -$               -$               3$                   6$                   166$              333$              333$              216$              278$              281$              -$               -$               -$               -$               -$               -$               -$               -$               -$               -$               
Transport -$                2$                   4$                   2$                   -$               3$                   6$                   -$               -$               -$               -$               3$                   58$                 55$                 20$                 -$               3$                   -$               -$               -$               -$               -$               -$               -$               -$               -$               -$               
Storage (see below) 32$             48$            9$              9$              4$              4$              4$              20$            20$            20$            4$              79$            32$            -$           75$            32$            -$           -$               -$               -$               -$               -$               -$               -$           -$               -$               -$               
Legal / EIS / All of Project 1$                    1$                   2$                   1$                   2$                   0$                   3$                   2$                   2$                   -$               1$                   2$                   1$                   -$               -$               -$               2$                   -$               -$               -$               -$               -$               -$               -$               -$               -$               -$               
Cumulative capital (Capt & Trans & Stor) 32$             83$            98$            111$          5$              15$            34$            56$            78$            102$          113$          363$          786$          1,174$       1,484$       1,793$       2,078$       2,078$       2,078$       2,078$       2,078$       2,078$       2,078$       2,078$       2,078$       2,078$       2,078$       
Capital Investment Decisions
Poor geology case 50$             
Appraisal success case (all sites) 61$             
Post-appriasl to FID 113$          
FID (ML-1) 1,061$       ML-1
FID (KC-1) 905$          ML-2
FID (TN-1)
FID (ML-2)
FID (KC-2)
Operating costs RT ($2018)
Base plant fxd+var opex $/MWh $8.00
Post retofit fxd+var opex $/MWh $20.00
Incremetal Capture opex $/MWh - full $12.00
Incremetal Capture opex $/MWh - 50% (partial) $6.00
Incremental opex by plant
Kogan fxd+var opex (incmnt)
Tarong Nth fxd+var opex (incmnt)
Millmerran fxd+var opex (incmnt) $18.18 $18.18 $18.18 $61.32 $61.32 $61.32 $61.32 $61.32 $61.32 $61.32 $61.32 $61.32 $61.32
Combined incremental capture opex $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $18.18 $18.18 $18.18 $61.32 $61.32 $61.32 $61.32 $61.32 $61.32 $61.32 $61.32 $61.32 $61.32
Storage and Transport Opex factors
Transport (~1.8% of totdal capex) 1.80%
Storage (~10% of totdal capex) 10%
Power (GWh) Out - undisc
Kogan Power -                  -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 
Tarong Nth Power -                  -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 
Millmerran Power 6,720              6,720             6,720             6,720             6,720             6,720             6,720             6,720             6,720             6,720             6,720             6,720             6,720             3,360             3,030             3,030             3,030             5,110             5,110             5,110             5,110             5,110             5,110             5,110             5,110             5,110             5,110             
Baseload Power GWh to NEM 6,720              6,720             6,720             6,720             6,720             6,720             6,720             6,720             6,720             6,720             6,720             6,720             6,720             3,360             3,030             3,030             3,030             5,110             5,110             5,110             5,110             5,110             5,110             5,110             5,110             5,110             5,110             
CO2 Captured / Stored (Mta) - undisc Tonnes to 2060
Kogan Captured -                            -                  -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 
Tarong Nth Captured -                            -                  -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 
Millmerran Captured 156.06                      -                  -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 2.54           2.54               2.54               6.18               6.18               6.18               6.18               6.18               6.18               6.18               6.18               6.18               6.18               
Total captured / stored (Mt pa) to 2060 156.06                      -                  -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 2.54               2.54               2.54               6.18               6.18               6.18               6.18               6.18               6.18               6.18               6.18               6.18               6.18               
Total captured / stored (Mt pa) to 2090 341.61                     
Cumulative captured / stored (Mt) -                  -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 2.54               5.08               7.63               13.81             19.99             26.18             32.36             38.55             44.73             50.92             57.10             63.29             69.47             
CO2 Released (Mta) - undisc
Kogan Released -                            -                  -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 
Tarong Nth Released -                            -                  -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 
Millmerran Released 117.09                      6.87 6.87 6.87 6.87 6.87 6.87 6.87 6.87 6.87 6.87 6.87 6.87 6.87 3.44 3.44 2.17 2.17 0.69 0.69 0.69 0.69 0.69 0.69 0.69 0.69 0.69 0.69
Total released (Mt pa) 117.09                      6.87 6.87 6.87 6.87 6.87 6.87 6.87 6.87 6.87 6.87 6.87 6.87 6.87 3.44 3.44 2.17 2.17 0.69 0.69 0.69 0.69 0.69 0.69 0.69 0.69 0.69 0.69
Cumulative released (Mt) 6.87 13.74 20.61 27.48 34.35 41.22 48.09 54.96 61.83 68.70 75.57 82.44 89.31 92.75 96.19 98.36 100.53 101.22 101.91 102.60 103.29 103.98 104.67 105.36 106.05 106.74 107.43
Emissions Intensity (t/MWh/yr)
Kogan -                  -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 
Tarong Nth -                  -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 -                 
Millmerran 1.02 1.02 1.02 1.02 1.02 1.02 1.02 1.02 1.02 1.02 1.02 1.02 1.02 1.02 1.14 0.72 0.72 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14
Weighted average t/MWh/yr 1.02 1.02 1.02 1.02 1.02 1.02 1.02 1.02 1.02 1.02 1.02 1.02 1.02 1.02 1.14 0.72 0.72 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14
KC-2
Pre for FID on ML-1 -->
4 Action Themes (incl. E&A) Preparation for FID (PFS, FEED, DED, EIS, Comm. Eng, Financing) ML-1 ML-2 TN-1 ML-2
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Table 14 Input for MIL only scenario unit cost analysis (all three sites still appraised, timing modified, two southern well pads only). 
 
 
Table 15 Input for MIL scenario unit cost analyses (storage summaries and factored transport opex – note simple factor is not volume weighted) 
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Table 16 Input for MIL only scenario unit cost analyses (simple UTC derivation). 
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7.2 Appendix B – Working Decision Tree 
With reference to Figure 6, Table 4 and Figure 7… 
Figure 8 Example decision of decision tree analysis for required Success Value of 1st retrofit – appraisal not justified if PV Success Value judged to be only equal to the 
PV of the capital build cost. 
 
  
Starting (reference) assumptions
Value of built asset on completion is equal to the build cost of the asset (c.f. book value)
Failure case is absolute, value of asset on completion equals the total loss of the build cost retrofit-1 success $250
Appraisal cost is ~$97 million ($50 million stage 1) build cost 90%
value of develop $250 Outcome
1) What "value" of built asset is required to justify an appraisal decision? -$49 Y $201 10%
2) For a given value of built asset, what appraisal spend is justified? success D3 - Develop-rf1 fail -$250
3) What if the "loss" is partial, not the full build cost? App stage 2 cost 77% $0 N
value of appraise $49 Outcome value if don't develop $0
-$49 Y $0 24%
success D2 - Appraise-s2 fail $0
App stage 1 cost 65% $0 N
value of appraise $27 Outcome value if don't appraise retrofit-1 success
-$59 Y -$32 35% build cost 77% $250
D1 - Appraise-s1 fail value of develop $250 Outcome
$0 N -$118 Y $132 24% -$250
value if don't appraise D4 - Develop-rf1 fail
$0 N $0
value if don't develop
$0
retrofit-1 success
build cost 65% $250
value of develop $250 Outcome
-$176 Y $74 35% -$250
D5 - Develop-rf1 fail
$0 N $0
value if don't develop
Hypthetical PV of built retrofit 
capacity ($M)
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Figure 9 Example decision of decision tree analysis for required Success Value of 1st retrofit – appraisal justified if PV Success Value judged to be >$440 million. 
 
Starting (reference) assumptions
Value of built asset on completion is equal to the build cost of the asset (c.f. book value)
Failure case is absolute, value of asset on completion equals the total loss of the build cost retrofit-1 success $440
Appraisal cost is ~$97 million ($50 million stage 1) build cost 90%
value of develop $250 Outcome
1) What "value" of built asset is required to justify an appraisal decision? $123 Y $373 10%
2) For a given value of built asset, what appraisal spend is justified? success D3 - Develop-rf1 fail -$250
3) What if the "loss" is partial, not the full build cost? App stage 2 cost 77% $0 N
value of appraise $49 Outcome value if don't develop $0
$44 Y $94 24%
success D2 - Appraise-s2 fail $0
App stage 1 cost 65% $28 N
value of appraise $27 Outcome value if don't appraise retrofit-1 success
$2 Y $29 35% build cost 77% $440
D1 - Appraise-s1 fail value of develop $250 Outcome
$0 N $28 Y $278 24% -$250
value if don't appraise D4 - Develop-rf1 fail
$0 N $0
value if don't develop
$0
retrofit-1 success
build cost 65% $440
value of develop $250 Outcome
-$53 Y $197 35% -$250
D5 - Develop-rf1 fail
$0 N $0
value if don't develop
Hypthetical PV of built retrofit 
capacity ($M)
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